We describe the application of a new DNA-scanning method, which has been termed Cleavase Fragment Length Polymorphism (CFLP; Third Wave Technologies, Inc., Madison, Wis.), for the determination of the genotype of hepatitis C virus (HCV). CFLP analysis results in the generation of structural fingerprints that allow discrimination of different DNA sequences. We analyzed 251-bp cDNA products generated by reverse transcription-PCR of the well-conserved 5-noncoding region of HCV. We determined the genotypes of 87 samples by DNA sequencing and found isolates representing 98% of the types typically encountered in the United States, i.e., types 1a, 1b, 2a/c, 2b, 3a, and 4. Blinded CFLP analysis of these samples was 100% concordant with DNA sequencing results, such that closely related genotypes yielded patterns with strong familial resemblance whereas more divergent sequences yielded patterns with pronounced dissimilarities. In each case, the aggregate pattern was indicative of genotypic grouping, while finer changes suggested subgenotypic differences. We also assessed the reproducibility of CFLP analysis in HCV genotyping by analyzing three distinct isolates belonging to a single subtype. These three isolates yielded indistinguishable CFLP patterns, as did replicate analysis of a single isolate. This study demonstrates the suitability of this technology for HCV genotyping and suggests that it may provide a low-cost, high-throughput alternative to DNA sequencing or other, more costly or cumbersome genotyping approaches.
Hepatitis C virus (HCV) was identified less than a decade ago as the primary causative agent of non-A, non-B hepatitis (6) . HCV becomes chronically established in 70 to 90% of affected individuals; in 20 to 30% of cases, chronic HCV infection leads to cirrhosis and hepatocellular carcinoma (11, 16) . Among the various predictors for development of these sequelae, viral genotype has emerged as a clinically significant variable correlated with liver disease. Viral genotype also appears to be prognostic for hepatocellular carcinoma (15) and for resistance to interferon therapy (3, 12, 26, (28) (29) (30) . Furthermore, several genotypes have unique geographical origins, making them convenient markers in epidemiological studies (28) . Finally, because HCV cannot be grown in culture, it is only by establishing correlations between characteristics like viral genotype and clinical outcome that new antiviral treatments can be evaluated (1, 19, 28) .
Because of its sequence conservation, the 5Ј-noncoding region (5ЈNCR) is the target of most HCV detection and quantification assays, including the Amplicor HCV detection assay (Roche Diagnostic Systems, Branchburg, N.J.) (27) and the branched-DNA (Chiron, Inc., Emeryville, Calif.) (10) and Amplicor HCV Monitor quantification assays (Roche Diagnostic Systems, Basel, Switzerland) (7), as well as numerous homebrew methods. However, this region also contains genotypically variable sequence positions which permit discrimination of all of the major types and many of the subtypes of HCV.
Techniques for genotyping HCV have relied upon the examination of a limited number of diagnostic sequence polymorphisms in variable regions throughout the 5ЈNCR. Restriction fragment length polymorphism analysis has been used to discriminate types 1a, 1b, 2a, 3a, 3b, 4, 5, and 6 (8, 9, 14) . Allele-specific oligonucleotide analysis such as the line probe assay (LiPA), which was developed by Innogenetics (Ghent, Belgium), uses reverse hybridization to oligonucleotide probes fixed to a solid support (22, 23) . The second generation of the LiPA can identify types 1a, 1b, 2a/2c (i.e., these two cannot be distinguished from one another by analysis of the 5ЈNCR), 2b, 3a, 5a, and 6a, as well as types 4 and 10. All of these techniques have shown good concordance with DNA sequencing for detecting this limited number of types and are considerably simpler to execute than direct sequencing. Nevertheless, these approaches are restricted in terms of the number of types and subtypes that they can discriminate and would be difficult to apply in geographic areas in which diverse genotypes predominate, such as the Middle East or the Far East (4, 12, 24, 25) . These limitations, coupled with high material costs, have prompted a number of researchers and reference laboratories to use DNA sequencing for routine analysis of the 5ЈNCR, despite its relatively high cost and low throughput.
We report here the application of a novel DNA-based technology, Cleavase Fragment Length Polymorphism (CFLP; Third Wave Technologies, Inc., Madison, Wis.) analysis, for the determination of HCV genotype. The CFLP technology relies on the formation of unique secondary structures that result when DNA is allowed to cool following brief heat denaturation (17) . These structures serve as substrates for the structure-specific Cleavase I enzyme, which can be used to generate a set of cleavage products from any given DNA fragment (2) . Because formation of these secondary structures is exquisitely sensitive to nucleotide sequence, the presence of sequence polymorphisms results in the generation of unique collections of cleavage products, or structural fingerprints, for each sequence analyzed. The similarities and differences of DNA sequences are thus reflected in the characters of the CFLP patterns generated from them. Common sequences re-sult in the generation of common bands. Sequence differences are manifested in the CFLP patterns as one or more of the following: (i) loss or gain of one or more bands, (ii) shifts in position of bands, and (iii) a change in the relative intensities of bands. The structural fingerprints that result from CFLP analysis thus provide a ready means of identifying the extent to which sequences are related to one another.
We have used CFLP analysis for amplicons generated by reverse transcription-PCR (RT-PCR) amplification of the HCV 5ЈNCR to determine the genotype of the virus contained in HCV-positive plasma specimens. We show here that CFLP analysis exhibited complete correlation to nucleotide sequence data and was able to distinguish viral genotypes differing by as little as a single nucleotide. Blinded analysis of CFLP patterns compared to patterns from samples of known genotype resulted in assignments that were 100% consistent with DNA sequencing at the type and subtype levels. Furthermore, CFLP scanning detected variations within a given genotype, indicating that this method is suitable for identifying the appearance of new or rare HCV variants.
(Third Wave Technologies, Inc., can provide additional technical product availability information for the Cleavase I enzyme and associated reagents.) RNA extraction and cDNA preparation. The details of the home-brew RT-PCR method used to generate the double-stranded cDNA fragments have been described elsewhere (5) . Briefly, RNA was extracted as described previously (5), and the tetrachlorofluorescein (TET)-labeled antisense primer HCV 102 (5Ј-T ACCACAAGCGCTTTCGCGACCCAACACTACTC-3Ј) was used in a reverse transcriptase reaction to generate a cDNA copy of the antisense strand. Ten microliters of cDNA from each reverse transcriptase reaction was used as a template for subsequent PCRs with an unlabeled sense primer, HCV 101 (5Ј-C ACTCCCCTGTGAGGAACTACTGTCT-3Ј), and the TET-labeled antisense primer HCV 102. Thermal cycling conditions were 94°C for 10 min for 1 cycle, 94°C for 30 s, 54°C for 1 s, and 72°C for 60 s for 35 cycles, followed by a 7-min extension at 72°C. The resultant 251-bp-long amplicons, which were uniquely labeled on the antisense strand, spanned the 5ЈNCR from nucleotides (nt) Ϫ304 to Ϫ54 (Fig. 1) . Samples subjected to RT-PCR amplification of an amplicon shifted downstream relative to the 5Ј end of the sense strand were generated with the Amplicor RT-PCR detection kit according to the manufacturer's recommendations. This fragment spans nt Ϫ274 to Ϫ31.
MATERIALS AND METHODS

HCV
CFLP analysis of HCV cDNA amplicons. DNA fragments were partially purified prior to CFLP analysis according to a variation of procedures as described elsewhere (2) . Briefly, RT-PCR products were heated to 70°C for 10 min, cooled to 37°C, and then treated with 1 U of exonuclease I (U.S. Biochemicals-Amersham, Inc., Cleveland, Ohio) per l of PCR mixture for 30 min at 37°C. The nuclease was inactivated by heating to 70°C for 30 min. The reaction mixtures were then passed over a High Pure PCR Product Purification kit column (Boehringer Mannheim Biochemicals, Indianapolis, Ind.) according to the manufacturer's protocols, except that distilled water was used in place of the standard elution buffer. DNA was quantified by PicoGreen PCR quantification (Molecular Probes, Eugene, Oreg.) according to the manufacturer's recommended procedures. The samples generated by RT-PCR amplification with the Amplicor amplification system were treated similarly, except that these samples were first passed over a High Pure PCR Product Purification column to remove residual FIG. 1. Sequences of the variable portion of the 5ЈNCR for HCV isolates of various genotypes. Nucleotide positions reflect their locations relative to the start site of translation as reported elsewhere (20, 22, 23) . Regions that showed no variability between isolates are omitted as indicated. The canonical type 1a sequence from HCV isolate 1 (6) is presented at the top. Deviations from this sequence as determined for the isolates presented in Fig uracil-N-glycosylase included in the Amplicor HCV procedure. These column eluates were adjusted to 50 mM KCl, 10 mM Tris-HCl (pH 8.3), and 1.5 mM MgCl 2 and then treated with exonuclease I and purified as described above.
CFLP reactions. CFLP analyses were performed as described elsewhere (2). Briefly, optimal reaction time and temperature were determined by examining matrices of reaction times (e.g., 1, 3, and 5 min) and temperatures (45, 50, and 55°C) to yield patterns with even distributions of short and long cleavage products. Approximately 25 to 30 ng (approximately 150 to 180 fmol) of the DNA substrate in a total volume of 10 l of distilled water was heated to 95°C for 15 s, cooled to 55°C, and mixed with 10 l of a solution containing 25 U of the Cleavase I enzyme, 2 l of 10ϫ CFLP buffer (100 mM morpholinepropanesulfonic acid [MOPS; pH 7.5], 0.5% Tween 20, 0.5% Nonidet P-40), and 2 l of 2 mM MnCl 2 , and the mixture was then incubated for 90 s at 55°C. The reactions were stopped by the addition of 16 l of CFLP Fluoro-Stop solution (95% formamide, 10 mM EDTA [pH 8.0], 0.02% methyl violet). The cleavage fragments were resolved by denaturing gel electrophoresis through 10% (19:1 crosslink) polyacrylamide gels (20 by 20 cm by 0.5 mm) containing 7 M urea in 0.5ϫ Tris-borate-EDTA. Fragments containing a 5Ј TET label were analyzed by scanning the polyacrylamide gel cassettes on a Hitachi model FMBIO-100 fluorescence image analyzer equipped with a 585-nm filter.
Similar reaction conditions were used for CFLP analysis of the RT-PCR products generated with the Amplicor HCV system, except that digestion with the Cleavase I enzyme was for 4 min at 55°C. The antisense oligonucleotide primer included in the Amplicor system is labeled with a biotin moiety on its 5Ј end. Following gel electrophoresis, these fragments were visualized by chemiluminescence detection of the biotin as follows. The DNA fragments were transferred to 0.2-m-pore-size nylon membranes (Nytran Plus; Schleicher and Schuell, Keene, N.H.) by blotting overnight. The membranes were blocked in 1% Boehringer blocking reagent (Boehringer Mannheim Biochemicals) for 45 min. Streptavidin alkaline phosphatase conjugate (Sigma Chemical Company, St. Louis, Mo.) was added at a 1:15,000 dilution as a secondary detection agent. The membranes were washed three times (10 min each) with 0.1% sodium dodecyl sulfate (SDS) in Genius Buffer I (0.3 M NaCl, 0.2 M Tris-HCl [pH 7.5]), followed by three washes (5 min each) with Genius Buffer III (Boehringer Mannheim Biochemicals). Five milliliters of CDP Star (Tropix, Inc., Bedford, Mass.) was applied to each membrane as a chemiluminescent substrate in the detection system. The membranes were wrapped in cellophane and exposed to X-Omat radiographic film (Kodak, Rochester, N.Y.) for 10 to 30 min and developed manually.
All CFLP analyses were made by an individual blinded to the DNA sequencing results.
DNA sequence analysis. DNA sequencing was performed on an Applied Biosystems 377 DNA sequencer (Applied Biosystems, Foster City, Calif.) with dye-labeled dideoxynucleotide terminators according to the manufacturer's recommendations.
Nucleotide sequence accession numbers. The 5ЈNCR sequences presented in Fig. 1 will appear in the GenBank/EMBL/DDBJ database under the following accession numbers: isolate GE 33, AF021883; GE 41, AF021884; GE 225, AF021885; GE 234, AF021886; GE 170, AF021887; GE 174, AF021888; GE 182, AF021889; GE 177, AF021890; GE 181, AF021891; GE 191, AF021892; GE 185, AF021893; GE 141, AF021894; GE 273, AF021895; GE 284, AF021896; GE 286, AF021897; GE 56, AF021898; GE 139, AF021899; GE 277, AF021900; SL 28, AF021901; SL 30, AF021902; SL 32, AF021903; and SL 34, AF021904.
RESULTS
Sequence analysis of the 5NCR of HCV cDNA fragments.
A total of 198 HCV-positive serum specimens were available for this study. Of these, 63 were not suitable for DNA sequencing or CFLP analysis due to inadequate RT-PCR amplification. All of the remaining 135 samples were subjected to CFLP analysis without reference to the sequences; of these, 87 were confirmed by DNA sequencing. The results of the analyses performed on these 87 samples are summarized in Table 1 , and the sequences of representative isolates are presented in Fig. 1 . The majority of these isolates belonged to type 1, with type 1a being the most commonly encountered type. Type 1b, as defined by a polymorphism relative to type 1a at position Ϫ99 (A to G), was the second most commonly encountered. Among these, we encountered six variants of type 1a that contained a polymorphism at position Ϫ235, and three variants of 1b with this polymorphism. While these patterns showed slight differences from those obtained from samples with the canonical sequences for these types, they were clearly recognizable and were correctly called in a blind analysis. We also encountered three type 1 samples that contained a T-to-C polymorphism at position Ϫ94 that has been described for both type 1a and 1b isolates (1 a/b [23] ). Less frequently encountered isolates included types 2, 3, and 4, with different subtypes being represented as indicated in Table 1 . As with the type 1 samples, variants of some of these types containing sequence polymorphisms relative to the canonical sequences for these types were observed (one for type 3 and two for type 4). While these changes did not affect the ability to determine genotype in a blinded analysis, some of these polymorphisms were reflected in minor variations in the resultant CFLP patterns, such as those among the type 3 isolates in Fig. 2A, lanes 12 to 15. CFLP-based genotyping of RT-PCR products. We used CFLP analysis to determine the genotype of HCV cDNA fragments generated by RT-PCR. The structural fingerprint generated by CFLP analysis of a given molecule results from cleavage of localized structures (2) . Two DNA molecules containing both unique and common nucleic acid sequences will retain the same structural fingerprint for the shared sequences. Thus, closely related HCV genotypes would be expected to have a familial relationship with slight pattern differences, reflective of sequence variations, embedded in a common overall structural fingerprint. The overall pattern would be indicative of genotypic grouping (i.e., type and subtype), while finer pattern changes may reflect isolate or subgenotypic variations. Comparison of the patterns in Fig. 2A , lanes 1 to 3, to those in lanes 4 to 7 reveals that while the patterns derived from subtypes 1a and 1b are closely related (compare bands A to G in all 7 lanes), these two subtypes are readily distinguishable from one another by the presence of pattern elements characteristic of each subtype. In particular, we observe differences in the relative intensities of bands H to J in the patterns from the subtype 1a isolates (lanes 1 to 3) compared to those generated from the 1b isolates (lanes 4 to 6). Figure 2A , lane 7, contains a structural fingerprint that is clearly recognizable as belonging to type 1 but that does not precisely match those generated from the samples in lanes 1 to 6. Sequence analysis of this isolate reveals that it contains an additional polymorphism at position Ϫ94 found in 10 to 20% of type 1 viruses (type 1a/b) (23), which results in the appearance of bands K and L. While the pattern change in lanes 4 to 6 versus lanes 1 to 3 is highly reproducible, it is subtle. Figure 2B , which contains CFLP patterns spanning a slightly different region, more clearly demonstrates the differences between these two subtypes. Specifically, 1b samples are readily differentiated from 1a by the presence of several bands in region I and pronounced shifts in intensity of several bands in region II.
We identified 10 type 2 isolates in this sample cohort. In- a The percentages of the total cohort of samples represented by each genotype are indicated, as are the U.S. averages for each genotype as described elsewhere (28) . spection of the CFLP patterns generated from four of these samples ( Fig. 2A, lanes 8 to 11) indicates the presence of shared elements common to both type 1 and type 2 samples (viz., bands A to C, G, and J), which is reflective of the high degree of sequence similarity characteristic of the 5ЈNCR. Nonetheless, differences in numerous bands (D, M to R) make discrimination of these two types straightforward. Furthermore, sequence analysis revealed that the samples in lanes 8 and 9 belonged to type 2b and that those in lanes 10 and 11 belonged to type 2a/c. Comparison of the CFLP patterns generated from these samples indicates differences in intensity in bands Q and R. This correlation suggests that, upon analysis of an expanded sample set, CFLP structural fingerprinting may prove to be sufficiently sensitive to discriminate between type 2 subtypes. The sporadic appearance of pronounced bands migrating at more than 200 nt, such as in lanes 8, 10, and 12, is due to slight renaturation of double-stranded DNA during gel electrophoresis and is disregarded. Similarly, the bands in lanes 10 and 16 marked by asterisks are due to impurities in the cDNA sample itself and are seen in undigested controls (data not shown).
We encountered five type 3 and six type 4 samples, which is a finding consistent with the infrequent occurrence of these types in U.S. populations (29) . Analysis of the sequences obtained from these two types reveals pronounced similarities; yet in each case, we identified characteristic elements distinguishing each type. Specifically, comparison of the CFLP patterns of representative type 3 and 4 samples (Fig. 2A, lanes 12  to 15 and 16 to 18, respectively) indicates the presence of pattern elements common to both types (bands G, P, and U), as well as one shared with types 1 and 2 (band G). Nonetheless, differences in numerous bands (D, W, G, and Y) make the discrimination of types 3 and 4 straightforward. The pattern in lane 15 contains differences relative to those in lanes 12 to 14, notably the loss of band U and the gain of band V, that may be attributable to a sequence difference at position Ϫ221. The presence of a band H in the type 4 samples in lanes 16 and 17 that is more prominent than that in lane 18 may reflect the sequence of these samples at position Ϫ99; the samples in lanes 16 and 17 contain the A-to-G polymorphism seen in patterns obtained from 1b isolates, whereas the sample in lane 18 does not.
FIG. 2. (A)
CFLP analysis of RT-PCR amplicons of 5ЈNCR from select HCV isolates. CFLP patterns were generated from RT-PCR amplicons generated from the 5ЈNCR of HCV isolates of various genotypes, as described in Materials and Methods. Lanes: M, molecular weight markers as indicated; 1 to 18, CFLP patterns from sample GE 170 (type 1a), GE 174 (type 1a), GE 182 (type 1a), GE 177 (type 1b), GE 181 (type 1b), GE 191 (type 1b), GE 185 (type 1a/b), GE 33 (type 2b), GE 225 (type 2b), GE 41 (type 2a/c), GE 234 (type 2a/c), GE 141 (type 3a), GE 273 (type 3a), GE 284 (type 3a), GE 286 (type 3a), GE 56 (type 4), GE 139 (type 4), and GE 277 (type 4), respectively. This image was obtained by scanning a polyacrylamide gel cassette on a Hitachi FMBIO 100 fluorescence image analyzer equipped with a 585-nm filter according to the manufacturer's recommended procedures. The image was labeled with Canvas 5.0 (Deneba Systems, Miami, Fla.) and printed on a Kodak 8650 PS dye sublimation printer. (B) CFLP analysis of RT-PCR products generated by the Amplicor HCV RT-PCR system. CFLP patterns were generated from RT-PCR amplicons generated from the 5ЈNCR of HCV isolates of genotypes 1a and 1b, as described in Materials and Methods. Lanes: M, molecular weight markers as indicated; 1 to 4, samples SL 34 and SL 32 (type 1a) and SL 30 and SL 28 (type 1b), respectively. The sequences of the RT-PCR products generated from these samples are presented in Fig. 1 . The image was taken from an autoradiogram which was scanned with a Hewlett Packard ScanJet 4C, labeled with Canvas 5.0 (Deneba Systems), and printed on a Kodak 8650 PS dye sublimation printer.
Reproducibility of HCV CFLP patterns. Subtle variations among different isolates of a given HCV genotype could potentially lead to ambiguities in genotype determination. Therefore, we examined the ability of CFLP analysis to produce a reproducible structural fingerprint from three patients known to be infected with HCV type 1b. As shown in Fig. 3 , lanes 1 to 3, the CFLP patterns were indistinguishable for the three isolates examined. The reproducibility of CFLP structural fingerprinting was examined further by generating multiple patterns from a single viral isolate (lanes 4 to 6). These data indicate that CFLP analysis is highly reproducible and that the genotypic assignments are not affected by strain variations within a given genotype. Finally, comparison of the patterns in Fig. 3 with those in Fig. 2A (lanes 1 to 6 versus lanes 4 to 6 in Fig. 2A ) further underscores the reproducibility of this method when samples belonging to the same genotype are analyzed on different polyacrylamide gels.
DISCUSSION
The highly conserved 5ЈNCR of HCV can be routinely analyzed to determine genotype by a number of analytical methods. Techniques such as RFLP and LiPA are effective in identifying the types that occur most frequently in North America, Europe, and Japan (9, 14, 22, 23) . However, DNA sequencing is currently the only means of discriminating types endemic to other geographical regions (3, 20) . Recent reports indicate that diverse genotypes are beginning to emerge in the United States and Europe with greater frequency as a result of considerable immigration and travel, necessitating a more broadly based means of genotyping samples isolated in those locales (28) . Indeed, in the present study, 13% of the isolates belonged to neither type 1 nor 2. Furthermore, HCV is a growing problem in much of the developing world, where diverse types predominate (12, (24) (25) (26) 28) . Because routine direct sequencing is unfeasible in the typical clinical laboratory, the ability to obtain genotype information in this setting has been limited.
In this report, we describe the application of CFLP analysis, a new DNA-scanning method, to genotyping HCV in human plasma samples. CFLP digestion creates a structural fingerprint of a given DNA molecule which is the result of the cleavage of localized structures and has been applied to the analysis of numerous loci (2, 18) . Therefore, two DNA molecules containing unique as well as common nucleic acid sequences will retain the same basic structural fingerprint for the shared sequences, while displaying distinct differences. Thus, when the relatively conserved 5ЈNCR is used for comparative purposes, HCV genotypes would be expected to have a familial relationship with pattern differences embedded in a common overall structural fingerprint. The aggregate pattern is, therefore, indicative of genotypic grouping, while finer changes suggest subgenotypic and strain differences.
In this report, HCV-positive plasma samples were categorized in terms of genotype and subgenotype by DNA sequencing of RT-PCR products generated from the 5ЈNCR. Variations in the CFLP patterns relative to those generated from samples comprised of the canonical type 1a sequence were in agreement with sequence differences between types and subtypes. For example, all type 1 samples resulted in closely related CFLP patterns yet contained differences reflecting the sequence elements typical of subtype 1a versus 1b, i.e., the Ϫ99 A-to-G polymorphism characteristic of type 1b. Furthermore, CFLP structural fingerprinting was able to differentiate type 1 variants with an alternative polymorphism (T-to-C transition at nt Ϫ94; type 1a/b) (23) .
It is noteworthy that the difference between these two type 1 subtypes is more readily appreciated when a slightly different DNA fragment is analyzed. This fragment encompasses additional sequences 3Ј of the polymorphism at position Ϫ99 (Fig.  2B) . It is likely that the additional length downstream of the variable region permits these fragments to assume alternative structures that more definitively reflect the sequence differences among these subtypes. For this reason, the use of this amplicon appears to be preferable when subtype information is needed or when more facile analysis of patterns is required, such as in a high-throughput clinical laboratory setting. Sreevatsan et al. describe the use of this amplicon for CFLP analysis of a large number of clinical samples of diverse genotypes (21) .
CFLP analysis of cDNAs from viruses belonging to types 2, 3, and 4 were clearly distinguished from each other and from the type 1 samples. Within type 2, we were able to distinguish subtype a/c from b with the small number of type 2 samples in the available sample cohort. Five samples classified as type 3a and six samples classified as type 4 by DNA sequencing gave closely related patterns but contained slight differences. However, the sequence elements characteristic of different type 4 subtypes have been insufficiently described to permit assignment of subtype based on the polymorphisms detected in this study. The results from this initial study strongly suggest that CFLP analysis can be used to differentiate type 3 and 4 sam- FIG. 3 . Reproducibility of CFLP analysis. CFLP patterns were generated as described in Materials and Methods. Lanes: M, molecular weight markers as indicated; 1 to 3, products of CFLP reactions done on three different isolates of genotype 1b (samples GE 177, GE 181, and GE 191, respectively); 4 to 6, replicate CFLP reactions done on a single isolate (sample GE 177). This image was obtained by scanning a polyacrylamide gel cassette on a Hitachi FMBIO 100 fluorescence image analyzer equipped with a 585-nm filter according to the manufacturer's recommended procedures. The image was labeled with Canvas 5.0 (Deneba Systems) and printed on a Kodak 8650 PS dye sublimation printer.
ples. However, the definitive demonstration of this capability will require the analysis of additional samples belonging to these types which are rarely encountered in the United States (21) . Such studies are presently under way.
The reproducibility of CFLP analysis and the consistency of individual genotype patterns are important considerations in determining the practical application of CFLP technology to HCV genotype analysis. While the 5ЈNCR is the most-conserved region of the HCV genome, there is sufficient variability within sequences analyzed for any given genotype to complicate classification of a particular sample. However, examination of multiple samples shows that the structural fingerprints obtained for a given genotype are consistent. Minor sequence variations did not obscure genotypic classification by CFLP analysis. Three distinct samples belonging to HCV type 1b gave indistinguishable CFLP patterns, reinforcing this observation. Furthermore, when a single type 1b sample was analyzed multiple times, the resultant structural fingerprints were indistinguishable. The ability to generate identical patterns reliably from multiple samples belonging to the same type as well as from multiple analyses of a single sample confirms the reproducibility of CFLP structural fingerprinting as a genotyping method. That the presence of a sequence polymorphism among these three type 1b samples did not alter the CFLP pattern suggests that this change at position Ϫ138 (Fig. 1) does not alter the structure of the cDNA in this region. This observation is consistent with the hypothesis that it is the sequence changes that result in structure changes in the 5ЈNCR that are characteristic of different genotypes (1).
While we have not examined all of the major genotypes described for HCV, those examined in the study represent 98% of the isolates encountered in the United States (9, 13, 28, 29) . The CFLP method clearly categorized HCV into the major types and subtypes as well as identified single nucleotide variations within a particular genotype. The observation that CFLP structural fingerprinting can distinguish sequence changes as subtle as a single nucleotide suggests that the CFLP method should be able to categorize samples belonging to the other genotypes. This versatility should serve to make the CFLP technology a useful tool both for identifying emerging genotypes and for monitoring the natural history of HCV infection within a patient. The CFLP assay system described herein for application to RT-PCR products can be carried out in 2 h or less at a total material cost per sample substantially lower than that for other genotyping methods, including DNA sequencing (21) . CFLP analysis is a rapid, cost-effective method for HCV genotype determination and should contribute to more-effective and timely patient management.
